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Patients  with  schizophrenia  exhibited  the  standard  distance  effect.
Access  to the mental  number  line  is preserved  in patients  with  schizophrenia.
Automatic  numerical  processing  is intact  in patients  with  schizophrenia.
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There  is  growing  evidence  showing  that mental  representation  of numbers  is  impaired  in  patients  with
schizophrenia.  Yet,  no  study  has  examined  the  distance  effect  in  the patients.




erences  (5  and  7)  in  23 patients  and  28  healthy  individuals.  Response  times  and  error  rates  signiﬁcantly
increased  when  the  distances  between  the  centered  references  and  the  targets  decreased  in  both  groups.
However,  patients  responded  signiﬁcantly  slower  and had  more  error  rates  compared  to  controls.  Our
ﬁnding  indicates  distance  effect  in  patients  is  similar  to the  controls,  indicating  an  automatic  numerical
processing  is preserved  in  patients  with  schizophrenia.
© 2016  Elsevier  Ireland  Ltd.  All  rights  reserved.. Introduction
The mental representation of numbers is an essential ability of
he mind. It is strongly inﬂuences performance in everyday human
ctivities such as handling of objects, usage of money and measures
f distance and time.
An important behavioural observation related to the numerical
ognition research is the distance effect [1]. The effect is usually
btained in the number comparison task. In this task, individuals
eed to decide among two numbers which one is the largest or
mallest. The distance effect in number comparison task reﬂects
hat discriminating two numbers that are numerically close is
arder than discriminating numbers that are numerically far apart
1–4]. For example, comparison is faster for 2 and 7 than for 2 and
.
One of the inﬂuential theories for distance effect suggests that it
s the result of the placement of numbers on an analogue continum.
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304-3940/© 2016 Elsevier Ireland Ltd. All rights reserved.Indeed, studies have indicated that the semantic representation of
numbers in brain is organized along a ‘Mental Number Line (MNL)’,
with small numbers on the left and large ones on the right [5,6].
Numbers closer together (e.g., 2 and 3) have more distributional
overlap than numbers that are further apart (e.g., 2 and 7), so it
would be more difﬁcult to distinguish the closer numbers.
Although distance effect has been replicated in several stud-
ies in healthy individuals, only two studies have explored this
basic phenomenon in neuropsychiatric patients. Delazer and col-
leagues examined patients with unilateral intractable temporal
lobe epilepsy, and Cappelletti & Butterworth examined patients
with degenerative disorders [7,8]. Both studies reported standard
distance effect in the patients. To our knowledge, no study has
investigated distance effect in patients with schizophrenia, which
is the aim of this study.
Schizophrenia is a severe mental disorder with cognitive
deﬁcits across several domains including verbal memory, work-
ing memory, attention, social cognition, and executive functions.
Recently, number processing has attracted attention of a number of
researchers studying cognition in schizophrenia. There is growing
evidence suggesting that the mental representation of numbers is
impaired in the patients with schizophrenia. For example, in mental
























































Demographic and clinical characteristics of the study participants.
Patients N = 23 Controls N = 28 P
Age 34.4 (6.1) 35.4(6.9) NS
Education 9.9 (3.3) 9.7 (3.3) NS
Sex- N (%males) 17 (74%) 21 (75%) NS
Edinburgh 99.1 (2.9) 100 (0) NS
Length of illness (year) 12.7 (7.6) –
Age onset of illness (year) 21.9 (5.8) –
Mean Chlorpromazine equivalent (mg) 318.5 (165.2) – A.M. Pourrahimi et al. / Neu
umber bisection task (MBT) in which the individuals are required
o judge the numerical centre of two orally presented numbers,
avezian et al. found an exaggerated leftward bias in patients with
chizophrenia relative to controls (report the smaller number of
he true midpoint) [9]. However, two more studies have found no
ifference between the patients and controls on MBT  [10,11]. A
ecent study used a combination of MNB  and a visual oddball task, in
hich participants were asked to discriminate an infrequent (’one’
r ‘nine’) from a frequent written number (’ﬁve’). In MBT  task, the
atients with schizophrenia did not show the normal leftward bias
bserved in healthy individuals. Moreover, the effect of number
agnitude on the P3 latency was not observed in the patients [12].
Using tomographic imaging and scalp recording of event-related
otentials, studies have shown that the intraparietal sulcus (IPS)
ctivates when performing a number comparison task. In fact, IPS
s more active when comparing the magnitude of two numbers than
hen simply reading them [13]. Parietal activation in number com-
arison is present in both hemispheres, although some evidence
uggests that it may  be asymmetric, and is larger in the right than
eft hemisphere [13,14]. Considering that imbalance in hemispheric
ateralization and dysfunction of the parietal lobe are suggested
s underlying mechanisms involved in schizophrenia [15,16], we
ypothesized that distance effect might be impaired in patients
ith schizophrenia.
The present study, for the ﬁrst time, we aimed to determine
hether patients show standard distance effect similar to controls,




A group of 23 patients with schizophrenia (17 male) was
ecruited from outpatients of a psychiatric hospital. All patients
et  DSM-IV criteria for a lifetime diagnosis of schizophrenia. All
he patients were assessed using the Scale for Assessment of Neg-
tive Symptoms (SANS) and the Scale for Assessment of Positive
ymptoms (SAPS) [17,18]. At the time of testing, patients were
eceiving antipsychotic medication (n = 20 atypical, n = 9 on both
ypical and atypical antipsychotics) and were clinically stable. The
ean chlorpromazine equivalent was 341.4 mg  (SD = 186.5) [19].
The control group comprised 28 healthy participants (21 male)
creened for a personal or family history of psychotic illnesses.
xclusion criteria for all participants included head injury, neu-
ological disorder, and substance abuse at the time of testing. All
he participants were right-handed and had normal or corrected-
o-normal vision. Written informed consent was obtained from all
articipants. The study was approved by the Ethics Committees of
erman University of Medical Sciences
.2. Assessment procedures
All participants were tested on the two number size comparison
asks, with different number references (5 and 7), using Vuilleumier
nd van-Dijck methods [20,21]. For both tasks, stimuli were single
igits (∼2.5◦ of visual angle) presented each in turn at the centre
f a computer screen. For number comparison task with reference
, digits ranging from 1 to 9 (with the exception of 5) had to be
udged whether they were smaller or larger than 5. For number
omparison task with reference 7, digits ranging from 1 to 9 (with
he exception of 7) had to be judged whether they were smaller
r larger than 7. The beginning of each trial was a ﬁxation cross
resented for 300 ms,  followed by presentation of the number forSANS 35.3 (14.5) –
SAPS 25.3 (15.9) –
500 ms,  with interstimulus intervals of 1600–2600 ms. Each digit
was presented 12 times, resulting in a total of 96 trials per blocks.
Participants were seated in a sound-attenuating room, in front
of a computer screen. Sitting distance from the screen was approx-
imately 60 cm.  Responses were made by key-presses, with one key
assigned to “smaller” and the other to “larger” judgments.
To minimize the role of a simple SNARC effect [22], participants
were asked to response with two  hands (left hand with a left-sided
key for “smaller” responses and right hand with right-sided key for
“larger” responses). The order of tasks was counterbalanced.
Before starting the experiment, it was examined whether the
participants could easily pay attention to the digits on the screen.
Each task was preceded by 12 exercise trials.
Dependent variables were response reaction time and error rate.
2.3. Data analyses
The mean response times for correct answers and mean error
rates to each digit (1–4 and 6–9 for reference 5, and 1–6 and 8–9
for reference 7) were calculated for each individual. To examine
response time and accuracy of number comparison tasks between
groups in different comparison distance, two repeated-measures
ANOVA with group (patient, control) as between-subject and com-
parison distance as within-subject carried out. Follow-up analyses
were conducted using independent-samples t-test. Chi-square and
t-tests were applied to analyze the demographic and clinical data.
3. Results
Table 1 shows the demographic and clinical characteristics of
all patients and healthy individuals. Groups were well matched for
age, gender, and education.
3.1. Number comparison tasks
3.1.1. 5 as reference
On response time, the results of repeated-measures ANOVA
showed a signiﬁcant main effect of group [F (1, 49) = 28.5, P < 0.001,
2 = 0.37], indicating that patients responded signiﬁcantly slower
than controls (Table 1A). In addition, there was a signiﬁcant com-
parison distance effect [F (4.7, 227.9) = 12.7, P < 0.001, 2 = 0.21],
showing response time signiﬁcantly increased when the distance
between the centered reference and the target decreased. However
the interaction effect between comparison distance and group was
not signiﬁcant [F (4.7, 227.9) = 0.87, P = 0.5, 2 = 0.02], indicating
similar performances of the two  groups for different comparison
distance. Fig. 1 shows that response times for numbers close to
centered reference 5 were increased (Fig. 1A).
On error rate, the results showed a signiﬁcant main effects of
group [F (1, 49) = 25.6, P < 0.001, 2 = 0.34], indicating that patients
were signiﬁcantly less accurate than controls (Table 1A). More-
over, there were signiﬁcant comparison distance effect [F (3.06,
149.9) = 13.3, P < 0.001, 2 = 0.21], suggesting that error rates sig-
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Fig. 1. Mean response times (in millisecond) for the comparison distance effect in number comparison tasks with reference 5 (A), and reference 7 (B).
Table 2
Response times and error rates (Mean ± SD) on number comparison task with reference ‘5’ (A), and reference ‘7’ (B) in patients with schizophrenia and controls.
(A)
Measures Numbers
1 2 3 4 6 7 8 9
Response time (ms)
Patients 689.1 ± 179.6 659.04 ± 171.1 680.1 ± 189.7 742.6 ± 196.1 732.1 ± 274.4 693.2 ± 191.1 657.7 ± 181.5 651.4 ± 183.9
Controls 521.6 ± 53.7 480.3 ± 45.2 495.3 ± 61.6 534.2 ± 78.9 524.5 ± 75.1 483.5 ± 56.2 473.4 ± 53.4 452.4 ± 49.2
Error rates (%)
Patients 7.6 ± 10.9 2.9 ± 5.9 5.7 ± 6.4 11.5 ± 16.4 23.5 ± 25.3 11.9 ± 10.9 7.9 ± 8.5 7.3 ± 8.1
Controls 0.6 ± 2.1 0.6 ± 2.1 1.2 ± 3.7 2.9 ± 6.1 6.5 ± 6.2 2.7 ± 4.5 1.7 ± 4.2 0.3 ± 1.5
(B)
Measures Numbers
1 2 3 4 5 6 8 9
Response time (ms)
Patients 598.9 ± 169.5 607.6 ± 175.9 611.5 ± 162.9 644.3 ± 203.7 663.3 ± 203.3 686.0 ± 204.9 687.4 ± 219.4 673.0 ± 206.1
Controls  457.3 ± 61.1 453.7 ± 58.8 496.1 ± 60.4 489.6 ± 69.4 497.9 ± 82.8 550.4 ± 89.9 531.3 ± 145.1 506.6 ± 89.2
Error  rate (%)
Patients 4.7 ± 6.5 6.2 ± 8.4 5.8 ± 8.1 6.5 ± 0.9 10.9 ± 19.8 16.3 ± 21.2 19.9 ± 12.7 8.7 ± 9.8
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iﬁcantly increased when the distance between the centered
eference and the target decreased. Interaction effects between
roup and comparison distance was also signiﬁcant [F (3.06,
49.9) = 3.7, P = 0.01, 2 = 0.07], indicating different performance of
he two groups on different comparison distance (Table 2).
.1.2. 7 as reference
On reaction time, similar to the previous section, patients
esponded signiﬁcantly slower than controls [F (1, 49) = 15.6,
 < 0.001, 2 = 0.24], and response time signiﬁcantly increased
hen the distance between the centered reference and the tar-
et decreased [F (4.0, 190.9) = 14.8, P < 0.001, 2 = 0.24]. Moreover,
erformances of the two groups for different comparison distance
ere similar [F (4.0, 190.9) = 0.95, P = 0.43, 2 = 0.02] (Table 1B).
ig. 1 shows that RTs for numbers close to centered reference 7
ere increased (Fig. 1B).
On error rates, patients were signiﬁcantly less accurate than
ontrols [F (1, 49) = 25.3, P < 0.001, 2 = 0.34], and error rates sig-
iﬁcantly increased when the distance between the centered
eference and the target decreased [F (3.15, 154.7) = 8.7, P < 0.001,
2 = 0.15]. Interaction effects between group and comparison dis-
ance reached signiﬁcant [F (3.15, 154.7) = 2.6, P = 0.05, 2 = 0.05],
ndicating different performance of the two groups on different
omparison distance.
. Discussion
Distance effect is an important topic in numerical cognition
esearch. So far, this effect has been replicated and manipulated in a
arge body of healthy adult. In the present study, we aimed to ﬁnd
hether patients with schizophrenia show comparable distance
ffect to healthy individuals or not, using two number compari-
on tasks with different references of 5 and 7. Our results in the
wo comparison tasks showed that: (i) patients with schizophrenia
xhibited the standard distance effect similar to the controls; (ii)
owever, they were less accurate and slower than controls.
Our ﬁndings showed both groups had signiﬁcantly faster
esponse time and less error rates when the numerical dis-
ance was larger compare to when the distance was smaller. The
resent study, for the ﬁrst time, indicated that the patients with
chizophrenia showed standard distance effects in the two number
omparison tasks, which implies access to the mental number line.
his results is consistent with the two other studies on neuropsy-
hiatric patients, one examined distance effect in patients with
eurodegenerative disorders, and the other one in patients with
emporal lobe epilepsy. Both studies showed that while patients
ad overall slower reaction times compared to controls, they
howed the standard distance effect comparable to controls.
This ﬁnding replicates and complements previous studies that
ocused on distance effect of numerical cognition in healthy indi-
iduals. Moreover, the preserved distance effect, a classic marker
f numerical processing, shows that numerical symbol is under-
tood in part as magnitudes with using mental number line in the
atients.
Using positron emission tomography (PET) or functional mag-
etic resonance imaging (fMRI), studies have shown that brain
reas in and around the intraparietal sulcus (IPS) in both hemi-
pheres were activated during number comparison tasks. Both right
nd left IPS showed higher activation when numerical distance was
lose (from children). Although, large body of evidences shows
he association between cognitive and behavioural impairments
ith disruption of the frontal cortex in schizophrenia (including
he anterior cingulate), the temporal cortex and the basal ganglia,
vidences for the role of parietal lobe are inconsistent [15]. While
ome studies did not ﬁnd parietal lobe abnormalities in the patients,nce Letters 617 (2016) 1–5
others have reported its dysfunction, particularly posterior parietal
cortex in schizophrenia. Results of our study might indicate some
region of parietal cortex, particularly intraparietal sulcus is intact
in the patients.
Decreased accuracy and prolonged response time during com-
parison tasks in the patients with schizophrenia could be a result
of motor slowing and cognitive deﬁcits. On the one hand, num-
ber magnitude is an abstract mathematical processing and studies
have shown even preschool children show an early structuring
of mental number representation by number magnitude [23,24].
Therefore, our ﬁnding of higher error rates in patients could not be
attributed to impaired ability to quantify, or to determine magni-
tude. On the other hand, quantity processing is an education-based
ability, which is also depending on other cognitive skills such as
working memory and attention [25,26]. Thus, one explanation for
this ﬁnding might be impaired either attention or working memory
in the patients, which are among most replicated cognitive deﬁcits
in patients with schizophrenia. Future researches are needed to
examine these relationships.
It should be mentioned that traditionally, it is proposed that dis-
tance effect in number comparison is due to tuning curves on the
number representation. Since, there is more overlap of the tuning
curve for numbers that are numerically close relative to numbers
that are numerically distant, it is harder to discriminate them. How-
ever, recently a few studies have questioned the proposal that
distance effect originates from the overlap in the number repre-
sentation on MNL, using the priming distance effect [27–29]. Future
studies are required to explore the different proposals in patients
with schizophrenia.
5. Conclusion
On two  number comparison tasks, patients with schizophrenia
exhibited distance effect similar to controls. Comparing numbers
on magnitude is one of the most prevalent operations with num-
bers in everyday life. People usually have to compare numbers for
their grades in class, size of their income, their height, or weight.
Nearly hundreds of such comparisons are performed in the course
of a given day. Therefore, the ﬁnding of the present study of impor-
tant in showing an automatic numerical processing is preserved in
patients with schizophrenia.
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